Johnson and Muschel (10, 11) described an antileptospiral activity of serum which selectively affected the nonpathogenic Leptospira biflexa, but not the pathogenic L. pomona, in vivo as well as in vitro. They regarded this selective action of serum as a determinant of pathogenicity. We have studied the nature and mode of action of the antileptospiral substance, and its possible significance as a mediator of pathogenicity or of virulence. "Pathogenicity" and "virulence" are used as defined by Miles (13) and in previous studies of leptospiral infection (3) . Briefly, pathogenicity is a genotypic characteristic which may be measured quantitatively as virulence. Among the leptospires, pathogenicity is associated with serological type; within a pathogenic serotype, there may be variations from highly virulent to avirulent without any accompanying serological change which can be identified by currently available methods. Nonpathogenic serotypes (e.g., L. biflexa) are free-living, do not cause infection, and, thus, are never virulent. MATERIALS Immuniization procedures. Antisera against leptospires were prepared by injecting rabbits intravenously with 1 to 5 ml of suspensions of leptospires three times weekly for 3 weeks, and bleeding after an interval of 3 days after the last injection.
Titration of sera. Dilutions of sera, usually 1:2 to 1:128 were made in a titrating tray with Veronalbuffered Ca-Mg saline, pH 7.3, as a diluent. Equal volumes of 2-to 6-day leptospiral cultures were added, and the tray was incubated at 37 C for 90 min. Occasionally, a little autoagglutination occurring in the cultures was cleared by centrifuging at approximately 800 X g for 5 min just before use. Immunoelectrophoresis. Electrophoresis was carried out on microscope slides coated with 1% agar by use of a Veronal buffer (ionic strength, 0.1; pH 8.6) at 7 v/cm for 90 min. After addition of antiserum, slides were kept at 4 C for 48 hr to develop precipitin lines.
Elution of absorbed globulins. Globulins absorbed onto leptospires were eluted by incubation of the absorbing suspension with 0.1 ml of a glycine buffer, pH 3.0, at 4 C overnight. The sediment was separated by centrifugation, and the supernatant fluid was neutralized and kept.
RESULTS
Immobilizing and agglutinating effects of normal serum. Normal guinea pig serum (GPS) was diluted in 0.85% NaCl to 1, 10, 20, 30, 40, and 50%. One half of each sample was heated at 56 C for 30 min. Each serum dilution was incubated at 37 C for 2 hr with an equal volume of a culture of either L. biflexa (Patoc) or L. pomona (EP-F). On microscopic examination, it was found that unheated serum immobilized L. biflexa (Patoc) but not L. pomona (EP-F), in concentrations of 30, 40, or 50%. Heated serum did not immobilize either of the serotypes. These results confirm the findings of Johnson and Muschel (10) in similar experiments. The same serum concentrations that immobilized L. biflexa (Patoc) also agglutinated it. L. pomona (EP-F) was not agglutinated. L. biflexa (Patoc) and GPS were mixed and observed at intervals of 5 min. An estimated 50 to 75% of the leptospires were agglutinated after 10 min and 100% were agglutinated by 35 min. The first sign of immobilization was sluggish motility at 10 min, followed by very slow movement at 15 min; 90% of the leptospirae were nonmotile after 25 min and 100% after 50 min; controls were motile and unagglutinated after 50 min. No differences were observed between the use of Veronalbuffered saline (pH 7.3) and phosphate-buffered saline (pH 7.2). Pooled sera from normal man, sheep, rat, rabbit, mouse, and guinea pig agglu- icterohaemorrhagiae (22) at 37 C for 1.5 hr. EDTA alone had no effect. GPS agglutinated L. biflexa (Patoc) and L. icterohaemorrhagiae (22), and in addition immobilized L. biflexa (Patoc). GPS treated with EDTA had no effect on either serotype of leptospira, but activity similar to that of GPS alone was restored by adding a 1:80 concentration of GPS or by a final 100 4ug of Ca++ or Mg<+. A sample of GPS was absorbed twice with bentonite to remove lysozyme (7) . A control untreated sample agglutinated L. icterohaemorrhagiae (22) to a titer of 1:64 when incubated at 37 C for 1.5 hr. After bentonite absorption, the corresponding titer was reduced to 1:16, and was restored to the control level by 8 ,ug or more of crystalline lysozyme per ml (but not by 6 ,ug/ml or less), or by prolonging the incubation period to 4 hr. Adding excess lysozyme (up to a final 200 ,g/ml) to GPS did not increase its titer on incubation for 45 or 90 min.
Susceptibility of various leptospiral strains. Table 1 shows that of the strains tested only L. biflexa (Patoc) was immobilized by GPS. Only avirulent cultures of the pathogenic serotypes L. icterohaemorrhagiae and L. zanoni were agglutinated; virulent cultures freshly passaged through animals were unaffected. None of the cultures of L. pomona was affected, even though one (STM) was avirulent.
Nonspecificity of antileptospiral activity. Agglutinating and immobilizing ability were absorbed from GPS by packed susceptible leptospires, without treatment or after treatment with 0.5 % Formalin. Sera absorbed with Formalin-treated leptospires were titrated, with the results shown in Table 2 . Susceptible strains cross-absorbed agglutinating activity and immobilizing activity, even though the strains were not themselves immobilized. Insusceptible strains did not absorb either agglutinating or immobilizing activity.
Antibody nature of the active component in GPS. Undiluted GPS (titer, 1:64) was heated at 56 C for 6 hr with intermittent agitation. Every 10 min for the first 90 min, and after 6 hr, a sample was removed and its agglutinating titer against L. icterohaemorrhagiae (22) a Symbols: 0 = no effect; 1-4 = degrees of agglutination (see Table 1 ); X = immobilized. No reaction was observed without added GPS.
A sample of GPS was treated with 2-mercaptoethanol (ME; 1) and a similar sample was heated at 56 C for 30 min. Both samples were made up to a 40% dilution of GPS in phosphate-buffered saline and titrated against L. biflexa (Patoc) with dilutions of 1:80, 1:120 or 1:160 GPS as sources of complement. The results in Table 3 show that GPS treated with ME was unable to agglutinate or immobilize leptospires, and that the effects of treatment with ME were not reversible by the addition of complement, in contrast to the effects of heating at 56 C for 30 min. trated, and a sample of each fraction was treated with ME. Titers ranging from 1:4 to 1:32 were found in 7 of 20 fractions (no. 6 to 13; peak titer, no. 8 to 10), and proteins were distributed in fractions 6 to 17. Treatment with ME abolished all activity. The treated and the untreated fractions were immuno-electrophoresed, with the use of rabbit anti-GPS to develop the precipitin lines. All fractions showed precipitin lines corresponding to a and -y migration. Fractions with agglutinating activity showed, in addition, a ,3-migrating component, approximately proportional in intensity to the agglutinating titer, and absent after treatment with ME (Fig. 1) .
Formalin its serum was used as an antiserum against the proteins absorbed from GPS by the corresponding leptospires. Samples of GPS and of GPS treated with ME were immunoelectrophoresed with the use of these antisera to develop precipitin lines. All antisera developed a-and 'y-globulin lines in the GPS, but an additional ,B ME-sensitive linewas developed with antisera against the two susceptible strains of leptospires (Fig. 2) .
A heavy suspension of each of L. biflexa (Patoc), L. icterohaemorrhagiae (GP and GP-B), and L. pomona (EP-F), each from a 2-liter culture, was used to absorb 10 ml of GPS at 4 C for 1 hr. After treatment with glycine as described in Materials and Methods, the eluates were neutralized and dialyzed against saline; volumes of 0.1 ml were tested for leptospiral agglutinating and immobilizing activity by adding 0.1 ml of complement (1:80 GPS) and 0.1 ml of a culture of L. biflexa (Patoc) at 37 C for 1.5 hr. Eluates from the susceptible leptospires, L. biflexa (Patoc) and L. icterohaemorrhagiae (GP), agglutinated and lysed similarly to GPS. The eluates from the other strains were inactive. Each eluate was concentrated to half its orginal volume and immunoelectrophoresed, with the use of rabbit anti-GPS to develop the precipitin lines. In addition to a and y bands, a /3-migrating band, similar to those shown in Fig. 1 and 2 , was developed in eluates from the two susceptible leptospirae, but not from the insusceptible strains.
In a complementary experiment, a sample of GPS was absorbed with L. icterohaemorrhagiae (22) and immunoelectrophoresed. When the immunoelectrophoretic pattern of this sample was compared with that of unabsorbed serum, it was found that a-, /3-, and y-migrating proteins were absorbed, and that the /-migrating band corresponded to the ME-sensitive proteins absorbed by, and capable of being eluted from, susceptible leptospires, and to that obtained from active gelfiltration column fractions (Fig. 3) . After absorption of GPS by susceptible leptospires, an additional /31A line appeared (Fig. 3) , corresponding to a /3IA line observed to appear in human serum FAINE AND CARTER after absorption with immune precipitates (14 However, an alternative is that growth under usual laboratory conditions of cultivation, such as temperature and composition of medium, favors the development or unmasking of Z antigen and thus, eventually, susceptibility to serum. This view fits more closely the observations that 8-azaguanine added to cultures may confer susceptibility without loss of virulence (8) , and that saprophytic L. biflexa freshly isolated from surface waters may be resistant to serum (9) . The results with L. pomona (STM) in this study remain discrepant, and are not easily explicable unless a further assumption is made, that it is incapable to producing any, or enough, Z antigen.
The role of Z antigen as a determinant of virulence, or its significance as a common antigen of Leptospira cannot be explained until it has been characterized and localized.
